A^^cketNo.: 003797.00219 

METHOD AND APPARATUS FOR CURSOR SMOOTHING 

FIELD OF THE INVENTION 

[01] The present invention relates generally to control of cursor movement on a display, 
and more specifically to methods and apparatus for smoothing such movement. 

BACKGROUND OF THE INVENTION 

Pointer or cursor movement on a raster-scanned image, such as a television screen or 
^a computer monitor, will appear smoothest when pointer position data is updated at a 
rate that is at least equal to a refresh rate of a television screen or a computer monitor. 
The refresh rate of such a video display device is typically approximately 70 Hz, or 
about every 14 milliseconds. This refresh rate is faster than prior art wireless pointing 
devices and, as a result, perceived cursor or pointer motion controlled by such 
wireless pointing devices is rather jerky if the cursor position is updated only every 2- 
3 display refreshes. This application refers to both pointers and cursors on a display. 
These terms are used generally to refer to a position indicated on a display, including, 
but not limited to, for example, a blinking underscore, an arrow or an icon. 

A conventional wired pointing device, such as, for example, a wired computer mouse, 
typically sends 8 bits of data indicating a change in position of the computer mouse in 
a first direction, for example, a horizontal direction, and another 8 bits of data 
indicating a change in position of the pointing device in a second direction, for 
example, a vertical direction, every 8 milliseconds over a port, such as, for example, a 
universal serial bus (USB) port. This results in a maximum pointing device speed of 
approximately 39 inches per second (ips), assuming a resolution of 400 dots per inch 
(dpi). 

[04] A wireless pointing device may send pointer position data to a receiver about every 25 
milliseconds. Typically, the receiver is connected to a USB port of a computer 
device, such as, for example, a personal computer. The polling rate of the USB port is 
typically about every 8 milliseconds, or approximately three times faster than the rate 
at which pointer data is sent to the receiver from the wireless pointing device. Thus, 
typically, the receiver would provide one report through the USB port with updated 
pointer position data followed by two reports over the USB port with position data 
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that is not updated. Because the pointer position is updated at a rate that is somewhat 
slower than the monitor refresh rate, the pointer or cursor movement using a 
conventional wireless pointing device may appear somewhat jerky. Further, assxmiing 
that the pointer position data is updated about every 25 milliseconds, resolution of the 
display is 400 dpi (.0025 inches between pixels, and the maximum 8 bit signed value 
to be reported as cursor movement is 127, representing movement of 127 dots (127 x 
.0025 inches = .3175 inches), then one can see that in a one second time period, about 
40 reports having a maximum value of 127 may be reported, representing a maximum 
movement of 40 x .3175 inches, or 12.7 inches. Thus, when using a conventional 
wireless pointing device, cursor movement will be limited to about 12.7 inches per 
second. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus for smoothing cursor motion 
on a display by breaking up a reported amount of movement from a pointing device 
into smaller amounts of movement and reporting the smaller amounts of movement at 
a faster rate to a data input device having the display. 

In a first aspect of the invention, a method is provided fog^sna oothing cursor 
movemen t. An indication of an amount of movement of an operation instrumentality 
of a pointing device in^/ Oirst d irection/is received from the pointing device. A 
predetermined portion of the amount of movement in ttie first direction is reported to 
a data input device having a display. A remainder of the amount of the movement in 
the first direction is reported in at least one subsequent reporting step. 

In a second aspect of the invention, a device for smoothing cursor movement is 
provided. The device includes a^;; moveiggnt-arnount'n'e^ a movement amount 
determiner and a reporter. The movement amount receiver is arranged to receive, 
from a pointing device, a first value as an indication of an amount of movement of the 
pointing device in a first direction. The movement amount determiner is arranged to 
determine a first reporting value from the first value received from the pointing 
device, the first reporting value being a predetermined portion of an original value of 
the first value received from the pointing device. The reporter is arranged to report, in 
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a first one of a plurality of reports, the first reporting value and, in at least one 
subsequent report, the remaining amount of movement. 

[08] hi a third aspect of the invention, a system for smoothing cursor movement is 
provided. The system includes a pointing device and a receiving device. The 
pointing device is configured to track movement of an operation instrumentality of the 
pointing device in a first direction, and to report a first value as an indication of an 
amount of the movement in the first direction. The receiving device has a movement 
receiver arranged to receive, from the pointing device, the first value. The receiving 
device fiirther includes a movement amount determiner and a reporter. The 
movement amount determiner is arranged to determine a first reporting value from the 
Q first value, the first reporting value being a predetermined portion of an original value 

^jsj of the first value received from the pointing device. The reporter is arranged to 

C3 report, in a first one of a plurality of reports, the reporting value and, in at least one 

S j subsequent report, the remaining amount of movement. 

m 



BRIEF DESCRIPTION OF THE DRAWINGS 
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f ^ [09] The present invention is described with respect to the accompanying figures, in which 
p like reference numerals identify like elements, and in which: 

w 

[10] Figure 1 diagrammatically depicts an embodiment of the invention having a pointing 
device, a receiving device to receive position reports from the pointing device and a 
computer to receive position reports from the receiving device; 

[11] Figure 2 is block diagram of an embodiment of the pointing device; 

[12] Figure 3A is a fixnctional block diagram of an embodiment of the receiving device; 

[13] Figure 3B is a block diagram of an embodiment of the receiving device; 

[14] Figure 4 is a fimctional block diagram of an embodiment of the movement determiner 
shown in Figure 3A; 

[15] . Figure 5 is a flowchart illustrating processing in an embodiment of the receiving 
device when receiving position data from a pointing device; 
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[161 Figure 6 is a flowchart illustrating processing in an embodiment of the receiving 
device when preparing to send a position report to a computer via a USB port; 

[17] Figure 7 is a flowchart illustrating processing in another embodiment of the receiving 
device when preparing to send a position report to a computer via a USB port; 

[18] Figure 8 is a timeline for comparing an operation of an embodiment of the invention 
using cursor smoothing with a system not using cursor smoothing; and 

[19] Figure 9 is a timeline for comparing an operation of another embodiment of the 
invention using cursor smoothing with a system not using cursor smoothing. 

O DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

C3 

m 

[20] Changing the rate at which incremental position data is reported by a pointing device 
such that the incremental data is reported at a rate that is at least the same as the 
^3 monitor refresh rate will have the effect of smoothing pointer or cursor motion on a 

p display. One way to accomplish this is to require a vertical sync signal or an 

equivalent signal fi-om a computer to the pointing device and a re-sampling operation 
on the position data; however, such a solution is rather complex. A simpler method is 
possible through the use of a Universal Serial Bus (USB). 

[21] Figure 1 illustrates a pointing device 100, such as a wireless computer mouse, that 
sends pointer position reports, via RF signals, to a receiver 102 connected to a 
computer, such as a personal computer 104, via a port, such as a USB port 106. The 
personal computer may be coimected to a computer display 108 via a video port 110. 

[22] Wireless pointing device 100 may send position data to receiver 102 at a rate of 
approximately 40 Hz or approximately every 25 milliseconds. The polling rate of the 
USB port, to which receiver 102 is connected, is typically 125 Hz or approximately 
every 8 milliseconds. Thus, in a conventional system, when a report of position data 
is received from wireless pointing device 100, the receiver would usually provide, 
over USB port 106, one report with updated position data and two reports with no 
updated position data. Therefore, the movement of the pointer or cursor on computer 
display 108 may appear to be somewhat jerky. 
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If, when polled by the USB bus, receiver 102 was to send reports of partial movement 
amounts reported by pointing device 100, monitor 108 could be updated more 
frequently. Thus, in an embodiment of the invention, receiver 102 sends at least two 
reports over USB port 106, corresponding to a single report received from pointing 
device 100, the sum of which would be the total movement amount reported by 
pointing device 100. The number of frames into which the position data reported by 
pointing device 100 is partitioned may vary for at least the following reasons: 1) the 
USB rate is asynchronous with the monitor refresh rate; and 2) possible variable 
latency in the processing of position data by a USB host. In the embodiment, 
generally, the cursor position is updated faster than the transmission rate of pointing 
device 100, thus the cursor motion is smoothed. 

With reference to Figure 2, pointing device 100 may include a tracking engine 200 to 
keep track of movement of an operation instrumentality of the pointing device in at 
least a first direction. The tracking engine keeps track of the movement of the 
operation instrumentality, corresponding to movement of a pointer on a display, by a 
number of pixels moved in at least the first direction. The amount of movement is 
based on movement of the operation instrumentality of the pointing device, such as, 
for example, a mouse body, at least a portion of the pointing device, such as, for 
example, a ball of a trackball device, a so-called "Z" or scrolling wheel, a pen in a 
pen-based data input device or a user's finger along a touch pad or the like. 

Processor 202 may be connected to Read Only Memory 204 (ROM) and Random 
Access Memory 206 (RAM) through, for example, a bus. The processor 202 provides 
values representing an amount of movement of the operation instrumentality in at 
least a first direction to position reporter 208 for reporting position data including the 
amoimt of movement in at least the first direction to receiver 102. In the illustrated 
embodiment of the invention, position reporter 208 includes an RF transmitter to 
transmit reports including pointer position data to receiver 102. 

With reference to Figure 3 A, receiver 102 includes a movement receiver 300 to 
receive position data from pointing device 100, a partial movement determiner 302 to 
divide the movement data, such that a portion of the movement in at least the first 
direction will be reported. The reporter 304 sends the position data to the computer 
104 via, for example, USB port 106, when receiving a poll from computer 104. 
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[27] With reference to Figure 3B, an embodiment of receiver 102 includes an RF receiver 
308 for receiving pointer position data reports from a wireless pointing device, a 
processor 310 having RAM 314 and ROM 312 including instructions for processing 
the received pointer position reports, and a USB output device 316 for receiving 
pointer position reports from processor 310 and outputting the reports to computer 
104 via USB port 106. 

[28] The ftmctional embodiment of the receiver 102, shown in Figure 3 A, may be 
implemented using software or firmware, or may be implemented via an appHcation 
specific integrated circuit (ASIC). For example, instructions for processor 310 may 

N be included in ROM 312 and/or copied to RAM 314 to implement the fiinctions of the 

C3 

Q movement receiver 300, the movement determiner 302 and reporter 304, 

m 

[29] With reference to Figure 4, in a software or firmware embodiment, movement 
determiner 302 includes a divider 400 to divide an amount of the movement in at least 



the first direction based on a reported amount of movement in at least the first 
direction. The divided amount of movement in the first direction is a value less than 
the reported amount of movement in the first direction from pointing device 1 00. 
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[30] The subtracter 402 is arranged to subtract the amount of the divided movement in at 
least the first direction from the reported amount of movement in at least the first 
direction, thereby resulting in an amount of unreported movement in at least the first 
direction. 

[31] Figure 5 illustrates processing in an embodiment of receiver 102 when receiving 
position data from pointing device 100. In this embodiment two directions of 
movement are reported. 

[32] At P500, pointer position data for a first direction, X and a second direction, Y, are 
received by movement receiver 300 in, for example, an RF packet from pointing 
device 100. An accumulator, XCount, for accumulating position data for an X 
direction, and an accumulator, YCount, for accumulating position data in a Y 
direction, are updated to reflect the addition of the new position data for the X 
direction and the Y direction, respectively. 
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[33] At P502, a USB packet coxinter is set to zero. The USB packet counter will be used 
by the divider 400, as will be explained later. 

[34] Figure 6 illustrates the processing of an embodiment of divider 400 and subtracter 402 
of receiver 102 for reporting position data to computer 104 via, for example, the USB 
port 106. 

[35] When it is time to post position data via the USB bus, at P600, the divider 400 
performs a check to determine whether the USB packet counter is set to zero. In other 
words, a check is performed to determine whether a first USB packet is to be sent 
after having received position data from the pointing device. If the USB packet 
counter is 0, then P602 will be performed. 

B 

G"^ [36] At P602, the divider 400 determines the value to be reported for a first direction, X, 
by taking the value of XCount and dividing it by two. In this embodiment, a function 



^4 
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called Clip determines whether the divided value of XCount is less than -127 or 
greater than +127. If the divided value of XCount is less than -127, than the value, 
USB[x], to be reported over the USB port 106, will be set to -127. If the divided 
H value of XCount is greater than +127, then clip will set the value to report to USB 

£3 port 106, USB[x], to +127. Similarly, YCount is divided by two and clip will limit 

the divided value of YCount to report, USB[y], to a minimum of -127 and a 
maximxmi of +127. The subtracter 402 then reduces the values of XCount and 
YCount by the respective reported amounts, USB[x] and USB[y], thereby indicating 
an amount in a direction of X and an amount in a direction of Y remaining to be 
reported. The reporter 304 reports USB[x] and USB[y] over USB port 106 to the 
computer 104. 

[37] If at P600, it is determined that this is not the first USB packet to be sent via USB port 
106 after receiving a report from the pointing device (i.e., the USB packet counter is 
not zero), then P604 will be performed. 

[38] At P604, the divider 400 determines the values to report via the USB port, USB[x] 
and USB[y], by examining the values of XCount and YCount, respectively and 
limiting those values to a minimum of -127 and a maximum of +127. The subtracter 
402 then updates the values of XCount and YCount to reflect an amount of XCount 
and YCount, respectively, not yet reported via USB port 106 to computer 104, by 
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subtracting the reported amounts, USB[x] and USB[y], from XCount and YCount, 
respectively. 

[39] At P606, the divider 400 updates the USB packet counter by, for example, 
incrementing the counter by one, as illustrated, or alternatively, by setting the counter 
to a non-zero value. 

[40] At P608, reporter 304 sends a report including USB[x] and USB[y] via the USB port 
106 to computer 104. 

[41] Figure 7 shows another embodiment for reporting pointer position data to computer 
104 after having received position data from pointing device 100. In this 
|3 embodiment, the processing by movement receiver 300 for receiving the position data 

gi from pointing device 100 is identical to the processing shown in Figure 5 and will 

,ii therefore not be discussed fiirther. 

[42] At a time when position data is to be reported via USB port 106, at P700, divider 400 



P determines whether this is a first USB packet to be sent after having received pointer 

ru 

M whether the USB packet counter is zero. If the USB packet counter is zero, then P702 



position data from a pointing device. In other words, a check is made to determine 



will be performed. 

[43] At P702, divider 400 divides the values of XCount and YCount by 3, respectively, 
and the divided values are then limited to a minimum of -127 and a maximum of 
+127. The subtracter 402 adjusts the values of XCount and YCount, respectively, by 
deducting the to be reported values of X and Y, USB[x] and USB[y], respectively, 
such that XCount and YCount indicate the values representing movement in the X 
and Y directions, respectively, remaining to be reported. 

[44] If the check at P700 determines that the USB packet counter is not zero, then at P704 
divider 400 determines if the USB packet counter is one. If divider 400 determines 
that USB packet counter is one, then P706 will be performed. 

[45] At P706, divider 400 determines the values of X and Y to be reported to the USB, 
USB[x] and USB[y], respectively, by dividing XCount and YCount by two, 
respectively and limiting the divided value to a minimum value of -127 and a 
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maximum value of +127 and saving those values to report to the USB in USB[x] and 
USB[y], respectively. The partial movement determiner 400 then updates XCount 
and YCount to reflect an amount of movement in the X and Y directions, respectively, 
remaining to be reported by subtracting from XCoimt and YCount, respectively, the to 
be reported values, USB[x] and USB[y], respectively. 

[46] If at P704, divider 400 determines that the USB packet counter is not one, then P708 
will be performed. 

[47] At P708, divider 400 determines the value of X and Y to be reported via USB port 
106, USB[x] and USB[y], by taking the values of XCount and YCount, respectively, 
and limiting each of these V2dues to a minimum value of -127 and a maximum value 

£3 of +127. The subtracter 402 then updates XCount and YCount to reflect an amoimt of 

movement in the X and the Y directions not yet reported via USB port 106 by 

^3 subtracting from XCount and YCount, respectively, the values USB[x] and USB[y] to 

^3 be reported via the USB port 1 06, respectively. 



[48] At P710, the value of the USB packet counter is incremented by one. 



£3 
W 

[49] At P712, the reporter 304 sends a report including USB[x] and USB[y] via the USB 
|j port 106 to computer 104. 

[50] Figure 8 compares the performance of a system utilizing the inventive cursor 
smoothing embodiment of Figures 5 and 6 with a system reporting cursor updates in a 
conventional fashion. 

[51] In this example, the pointing device provides RF pointer position reports to the 
receiver every 18 milliseconds. As can be seen in the timeline, a report is provided at 
times zero milliseconds, 18 milliseconds, 36 milliseconds, etc. 

[52] A USB report is provided every 8 milliseconds. The timeline shows a USB report 
provided via the USB port at times 6 milliseconds, 14 milliseconds, 22 milliseconds, 
etc. 

[53] The time line shows the monitor being refreshed and the cursor being updated every 
14 milliseconds. Thus, one can see the monitor refresh at times 7 milliseconds, 21 
milliseconds, 35 milliseconds, etc. 
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[54] In the embodiment described in Figures 5 and 6, receiver 102 receives a position 
report from pointing device 100 at time zero milliseconds. At time 6 milliseconds, the 
receiver sends a USB report to computer 104 to report half of the XCount and half of 
the YCount values (limited to a minimum of -127 and a maximum of +127). 

[55] At time 7 milliseconds, the monitor is refreshed and the cursor is updated to reflect 
the latest reported pointer position data. 

[56] At time 14 milliseconds, a USB report is sent from receiver 102 to computer 104 to 
report the remaining XCount and YCount position values. 

[57] At time 1 8 milliseconds, another position data report is received from pointing device 
100. 

[58] At time 21 milliseconds, the monitor is again refreshed, updating the cursor position. 
The updated cursor position reflects the movement specified by the position data 
reported to computer 104 at time 14 milliseconds. 

[59] At time 22 milliseconds, the receiver 102, via movement determiner 302, divides the 
position data reported by the pointing device 100 at time 18 milliseconds by two and 
reports this amount to computer 104 via USB port 106. 

[60] At time 30 milliseconds, receiver 102 reports the remaining XCount and YCount 
position data, as determined by subtractor 402 to computer 104 via USB port 106. 

[61] At time 35 milliseconds, the monitor is again refreshed and the cursor updated to 
reflect the latest position data reported to computer 104 at times 22 and 30 
milliseconds. 

[62] At time 36 milliseconds, pointing device 100 provides a next position data report to 
receiver 102. 

[63] At time 38 milliseconds, receiver 102, via movement determiner 302, divides the 
position data reported by the pointing device 1 00 by two and the reporter sends a USB 
report to computer 104 via USB port 106. 

[64] At time 46 milliseconds, receiver 102 reports the remaining XCount and YCount 
position data, as determined by subtractor 402 to computer 104 via the USB port 106. 
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[65] At time 49 milliseconds, the monitor is refreshed and the cursor reflects a position as 
reported by position data in USB reports at times 38 and 46 milliseconds. 

[66] At time 54 milliseconds, pointing device 100 reports position data to receiver 102 and 
receiver 102 sends a USB report to computer 104 via USB port 106. Since no 
unreported received pointer position data exists at this time, no change in position 
data is reported to computer 104 via USB port 106. 

[67] At time 62 milliseconds, receiver 102, via the movement divider, divides the reported 
XCoimt and YCount position data from the pointing device, by two and sends a 
position report to computer 104 via USB port 106. 

[68] At time 63 milliseconds, computer monitor 108 is refreshed and the cursor data is 



fil updated to reflect the pointer position as reported at times 54 and 62 milliseconds. 

w 

ill 

[69] At time 70 milliseconds, receiver 102 reports the remaining XCount and YCount 
'^3 position data, as determined by subtractor 402, to computer 104 via USB port 106. 

38 

P In this example, there should be no remaining unreported position data. 

y, [70] At time 72 milliseconds, position data is reported from the pointing device 100 to the 
Q receiver 102. 

m 

[71] From the above example, one can see that at each of the monitor refresh times, a 
cursor update is performed based on either the ftiU reported changes in the X and Y 
positions or half of the reported changes in the X and Y positions. 

[72] Looking at the time line in Figure 8, without cursor smoothing, at time zero 
milliseconds, a report is received from pointing device 100 including position data. 

[73] At time 6 milliseconds, a USB report including the full X and Y position data is sent 
by receiver 102 to computer 104 via USB port 106. 

[74] At time 14 milliseconds, a USB report shows no change in the position data reported 
from the receiver to the computer because no additional position data was received 
from pointing device 100 since the last USB report was sent to computer 104. 

[75] At time 18 milliseconds, the pointing device sends a report including position data to 
the receiver. 
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[76] At time 21 milliseconds, the monitor is refreshed and the cursor is updated to reflect a 
change in pointer position reported to computer 104 at time 6 milliseconds. 

[77] At time 22 milliseconds, receiver 102 sends a USB report reporting the full X and Y 
position data as reported by pointing device 100 at time 18 milliseconds. 

[78] At time 30 milliseconds, a USB report is sent from receiver 102 to computer 106 
reporting no change in position. 

[79] At time 35 milliseconds, the monitor is refreshed to reflect a cursor position last 
reported by receiver 102 to computer 104 at time 22 milliseconds. 

[80] At time 36 milliseconds, pointing device 100 sends a report including position data to 

p receiver 102. 

SI 
S3 

[81] At time 38 milliseconds, receiver 102 sends a USB report to computer 104 reporting 
^^'^ the full change in position, as reported by pointing device 100 to receiver 102 at time 

36 milliseconds. 



p 

I 'J 



[82] At time 46 nMlliseconds, a USB report is sent to computer 104 reporting no change in 



M position. 

[83] At time 49 milliseconds, the monitor is refreshed and the cursor position is updated to 
reflect the position as last reported at 38 milUseconds, since no position change was 
reported at time 46 milliseconds. 

[84] At time 54 milliseconds, a USB report is sent from receiver 102 to computer 104, 
reporting no change in position and position data is sent from pointing device 100 to 
computer 104. 

[85] At time 62 milliseconds, receiver 102 sends a report to computer 104 reporting the 
full change in position, as reported from pointing device 100, to receiver 102 at time 
54 milliseconds. 

[86] At time 63 milliseconds, the monitor is refreshed and the cursor is updated to reflect a 
position based on the position data reported to computer 104 at time 62 milliseconds. 
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[87] At time 70 milliseconds, a USB report is sent from receiver 102 to computer 104, 
showing no change in position. 

[88] At time 72 milliseconds, position data is received by receiver 102 from pointing 
device 100. 

[89] Looking at the example in Figure 8, without cursor smoothing, when a monitor 
refresh occurs, either all of the reported position data is reflected by the monitor 
refresh, or no change in cursor position is reflected by the monitor refresh. Further, 
when a change in position is reported via a USB report, larger changes tend to be 
reported than when using embodiments of the invention. Thus, a user would see 

l^^ either a larger change in cursor position, when compared with embodiments of the 

O 

Q invention, or no change in cursor position from one monitor refresh to the next. As a 

1^ result, the cursor movement may appear somewhat jerky. 

m 

^4 [90] With cursor smoothing, the changes in cursor position from one monitor refresh to the 

^ next tend not to be as great as without cursor smoothing, i.e., the movement is more 

?3 smooth than the movement observed when cursor smoothing is not used. 

[91] Figure 9 shows a timeline comparing pointer movement using the embodiment of the 



invention described in Figures 5 and 7 vs. using no cursor smoothing. In this 
example, pointing device 100 reports position data to receiver 102 every 25 
milliseconds. As one can see from the timeline, pointing device 100 sends position 
data to receiver 102 at time zero milliseconds, 25 milliseconds, 50 milliseconds, and 
75 milliseconds. USB reports from receiver 102 to computer 104 are sent every 14 
milliseconds. In this example, USB reports are sent from receiver 102 to computer 
104 at times 6, 14, 22, 30, 38, 46, 54, 62 and 70 milliseconds. The monitor is 
refreshed at 14 milliseconds, as in the previous example, as is shown at times 7, 21, 
35, 49 and 63 milliseconds. 

[92] Using the embodiment of the invention described in Figure 5 and 7, each of the USB 
reports sends to computer 104 approximately one third of the value of the position 
data reported by the pointing device to receiver 102. When the determined value to 
report via USB port 106 is outside the range of -127 to +127, the value is set to a 
minimum of -127 if the determined value is less than negative 127, or a maximum of 
+127 when the determined value is greater than positive 127. 
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Looking at the timeline of Figure 9, when not using cursor smoothing, the first USB 



reporting time after a report is sent fi-om pointing device 100 to receiver 102, reports 
the complete position data, as reported by pointing device 100. Other USB reports 
sent to computer 104 after the position data was reported by receiver 102 to computer 
104, but before receiver 102 receives any additional position data reports fi-om 
pointing device 100, will reflect no change in pointer position. Therefore, in the 
example of Figure 9 without cursor smoothing, cursor movement can be observed 
only at monitor refresh times 7 milliseconds, 35 milliseconds and 63 milliseconds, 
while cursor movement may be observed by a user using the embodiment of the 
invention described in Figures 5 and 7, at monitor refresh times 7 milliseconds (1/3 
delta update), 21 milliseconds (1/3 delta update), 35 milliseconds (2/3 delta update), 
49 milliseconds (2/3 delta update) and 63 milliseconds (2/3 delta update). As a result, 
one may observe a significantly smoother cxjrsor movement as compared to using a 
conventional system without cursor smoothing. 

Another benefit of the embodiments of the invention is that by redistributing the 
reports from the pointing device, such that only a portion of the movement is reported 
to the computer via each report over the USB port, a fiiU 39 ips (at 400 dpi resolution) 
tracking speed can be achieved without increasing the nxmiber of bits sent in a report 
from pointing device 100 or from receiver 102. More specifically, and as mentioned, 
8 bits permits a maximum amount of movement, 127 pixels, or .3175 inches at a 400 
dpi resolution, to be reported from receiver 102, via USB port 106, to computer 104 
when a USB report is sent to computer 104 every 8 milliseconds (125 times per 
second). The maximum amount of movement that can be reported per second is then 
.3175 inches per second x 125 reports per second, which is 39.6875 inches per 
second. In contrast, when not using the invention, 8 bits representing a maximvim 
amount of movement are sent via, for example, a wireless reporting device, to 
receiver 102 about every 20-30 milliseconds. Assuming that the wireless pointing 
device sends reports every 25 milliseconds (40 times per second), and that the 
maximum reported movement amount is 127, representing 127 dots of movement 
(.3175 inches at 400 dpi resolution), then because receiver 102, in a conventional 
system, sends the fiill amoxmt of movement reported by a pointing device over USB 
port 106, the maximum amount of movement per second that can be reported is .3175 
inches per second x 40 reports per second, which is 12.7 inches per second. This is so 
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because, in a conventional system, on average, receiver 102 sends about 40 position 
reports per second reporting movement over USB port 106 and sends the remaining 
reports over USB port 106 reporting no movement. 

The present invention has been described in terms of preferred and exemplary 
embodiments thereof. Numerous ottier embodiments, modifications and variations 
within the scope and spirit of the appended claims will occur to persons of ordinary 
skill in the art fi-om a review of this disclosure. In the claims, the use of the labels for 
algorithm variables appearing in the specification is for convenience and clarity and is 
not intended to have any limiting effect. 
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